INTRODUCTION {#sec1-1}
============

Retinal vasculitis is a sight-threatening inflammatory eye condition that involves the retinal vessels. It may occur as an isolated idiopathic condition, as a complication of infective or neoplastic disorders, or in association with systemic inflammatory disease[@CIT1] \[[Table 1](#T0001){ref-type="table"}\].

###### 

Disorders associated with retinal vasculitis[@CIT1]

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Infectious disorders
  Bacterial disorders
  Tuberculosis, syphilis, lyme disease, Whipple\'s disease, brucellosis, cat scratch disease, endophthalmitis, post-streptococcal syndrome
  Viral disorders
  Human T cell lymphoma virus type 1, cytomegalovirus, herpes simplex virus, varicella zoster virus, Epstein-Barr virus, Rift Valley fever virus, hepatitis, acquired immunodeficiency syndrome, West Nile virus infection, Dengue fever virus
  Parasitic disorders
  Toxoplasmosis
  Rickettsial disorders
  Mediterranean spotted fever, Rocky Mountain spotted fever
  Neurologic disorders
  Multiple sclerosis
  Microangiopathy of the brain, retina, and cochlea (Susac syndrome)
  Malignancy
  Paraneoplastic syndromes
  Ocular lymphoma
  Acute leukemia
  Systemic inflammatory diseases
  Behçet\'s disease
  Sarcoidosis
  Systemic lupus erythematosus
  Wegener\'s granulomatosis
  Polyarteritis nodosa
  Churg-Strauss syndrome
  Relapsing polychondritis
  Slögren\'s A antigen
  Rheumatoid arthritis
  HLA-B27-associated uveitis
  Crohn\'s disease
  Postvaccination
  Dermatomyositis
  Takayasu\'s disease
  Buerger\'s disease
  Polymyositis
  Ocular disorders
  Frosted branch angiitis
  Idiopathic retinal vasculitis, aneurysms, and neuroretinitis
  Acute multifocal hemorrhagic retinal vasculitis
  Idiopathic recurrent branch retinal arterial occlusion
  Pars planitis
  Birdshot chorioretinopathy
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Detection of retinal vasculitis is made clinically, and confirmed with the help of fundus fluorescein angiography. Active vascular disease is characterized by exudates around retinal vessels resulting in white sheathing or cuffing of the affected vessels, which may be segmental (skip lesions) or confluent \[[Figure 1](#F0001){ref-type="fig"}\].

![Fundus photographs of the left eye of a 27-year-old man with strongly positive tuberculin skin test demonstrating thick perivenous sheathing with intraretinal hemorrhages](MEAJO-16-202-g001){#F0001}

Although retinal arterioles or branch retinal arteries may be involved in secondary systemic vasculitides such as systemic lupus erythematosus (SLE), as well as primary systemic vasculitides such as Wegener\'s granulomatosus, polyarteritis nodosa, Churg-Strauss syndrome or cryoglobulinemia,[@CIT2] this usually leads to occlusion by microthrombosis, and intraocular inflammation is often not a feature of these diseases.[@CIT3][@CIT4] Therefore, this type of occlusive vasculopathy should be recognized and distinguished from other conditions characterized by active vascular sheathing or cuffing with perivascular inflammatory infiltrate.

Retinal vasculitis results in leakage leading to retinal swelling, exudation, and macular edema. Cystoid macular edema is a significant contributing factor for poor vision in retinal vasculitis. Cystoid macular edema, when adequately treated with immunosuppressive therapy, is associated with a good prognosis.[@CIT5] Occlusive retinal vasculitis affecting the retinal arterioles may cause cotton-wool spots representing microinfarcts of the retina. Central retinal artery and branch retinal artery occlusions are also reported in patients with retinal vasculitis.[@CIT6]--[@CIT12] Occlusive periphlebitis can cause retinal edema, intraretinal hemorrhages, and hemorrhagic infarction of the retina. Poor visual outcome in some patients with retinal vasculitis, despite adequate therapy, may be explained by the presence of macular ischemia.[@CIT5][@CIT13] Late changes secondary to vascular occlusion and remodeling include telangiectasis, microaneurysms, and ischemia-induced neovascularization, with sequelae such as recurrent vitreous hemorrhage, traction retinal detachment, rubeosis iridis, and neovascular glaucoma that can lead to functional loss of the eye.[@CIT6][@CIT14]--[@CIT20] Inflammatory branch retinal vein occlusions are strongly associated with Behçet\'s disease and might contribute to visual loss.[@CIT21]--[@CIT23]

FUNDUS FLUORESCEIN ANGIOGRAPHY {#sec1-2}
==============================

Characteristic features seen with fluorescein angiography in active vasculitis include leakage of dye due to breakdown of the inner blood-retinal barrier, and staining of the blood vessel wall with fluorescein. Such leakage may be focal as seen in sarcoidosis or multiple sclerosis \[[Figure 2](#F0002){ref-type="fig"}\] or more diffuse, as seen in Behçet\'s disease and retinal vasculitis associated with tuberculoprotein hypersensitivity (Eales\' disease) \[Figures [3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}\]. Diffuse capillary leakage is also a common finding in many conditions such as Behçet\'s disease and birdshot chorioretinopathy \[[Figure 3](#F0003){ref-type="fig"}\]. Fluorescein angiography is a more sensitive technique and will frequently show that the vasculitis is more extensive than the clinical examination suggests \[[Figure 4](#F0004){ref-type="fig"}\]. Fluorescein angiography is very useful to delineate areas of capillary nonperfusion, and neovascularization secondary to retinal ischemia \[[Figure 5](#F0005){ref-type="fig"}\]. It is also very valuable to diagnose the presence of inflammatory branch retinal vein occlusion \[[Figure 6](#F0006){ref-type="fig"}\].

![(a) Anterior segment of a 24-year-old woman with multiple sclerosis showing granulomatous keratic precipitates (b) Fundus photograph showing perivenous sheathing (c) Fluorescein angiogram showing focal venous leakage (d) Magnetic resonance imaging of the brain showing demyelinating lesions](MEAJO-16-202-g002){#F0002}

![(a and b) Fundus photographs of a 22-year-old man with documented Behçet\'s disease showing characteristic multiple retinal infiltrates (c) Fluorescein angiogram showing characteristic extensive leakage from all retinal vessels](MEAJO-16-202-g003){#F0003}

![(a) Fundus photograph of the right eye of a 45-year-old woman with strongly positive tuberculin skin test demonstrating focal sheathing (b) Fluorescein angiogram showing extensive leakage from the retinal veins and optic nerve head](MEAJO-16-202-g004){#F0004}

![(a) Fluorescein angiogram of a 27-year-old man with strongly positive tuberculin skin test showing peripheral capillary nonperfusion, telangiectasia, abnormal vascular anastomosis, and neovascularization (b) The neovessels demonstrate extensive leakage](MEAJO-16-202-g005){#F0005}

![(a) Fundus photograph of the right eye of a 23-year-old man with documented Behçet\'s disease showing extensive perivenous sheathing involving inferotemporal vein with intraretinal hemorrhages and hemorrhagic infarction temporal to the macula (b) Fluorescein angiogram showing delayed filling of the involved vein (c) and late leakage and staining](MEAJO-16-202-g006){#F0006}

The ability to identify retinal vasculitis as ischemic by fluorescein angiography has important implications for management and is discussed later. Other angiographic findings include cystoid macular edema \[[Figure 7](#F0007){ref-type="fig"}\] and optic disc leakage \[[Figure 8](#F0008){ref-type="fig"}\]. Leakage of dye from the optic nerve head arises from dilated capillaries, which may be due to either to primary infiltration as in sarcoidosis[@CIT24] or secondary vascular changes induced by intraocular inflammation.

![(a) Fundus photograph of the right eye of a 23-year-old man with documented Behçet\'s disease showing retinal infiltrates (b) Fluorescein angiogram showing leakage from retinal vessels and the multilobular pattern of cystoid macular edema](MEAJO-16-202-g007){#F0007}

![(a) Fundus photograph of the left eye of a 23-year-old man with documented Behçet\'s disease showing juxtapapillary retinal infiltrate and intraretinal hemorrhages (b) Fluorescein angiogram showing leakage from optic nerve head and retinal vessels](MEAJO-16-202-g008){#F0008}

In this review, we discuss a practical approach to the diagnosis of retinal vasculitis based on ophthalmoscopic and fluorescein angiographic findings \[[Table 2](#T0002){ref-type="table"}\].

###### 

Differential diagnosis of retinal vasculitis based on ophthalmoscopic findings

  Ophthalmoscopic finding                                                 Possible diagnoses
  ----------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Phlebitis                                                               Behçet\'s disease, tuberculosis, sarcoidosis, multiple sclerosis, pars planitis, Eales\' disease, human immunodeficiency virus infection
  Arteritis                                                               Acute retinal necrosis, idiopathic retinal vasculitis, aneurysms and neuroretinitis (IRVAN), systemic vasculitides such as systemic lupus erythematosus (SLE), polyarteritis nodosa (PAN), Wegener\'s ganulomatosis, Churg-Strauss syndrome, and cryoglobulinemia
  Cotton-wool spots                                                       Systemic vasculitides such as SLE, PAN, Wegener\'s granulomatosis, Churg-Strauss syndrome, and cryoglobulinemia
  Intraretinal infiltrates                                                Behçet's disease, rickettsial infection, cat scratch disease
  Necrotizing retinitis                                                   Ocular toxoplasmosis, acute retinal necrosis, cytomegalovirus retinitis
  Aneurysmal dilatations of the retinal and optic nerve head arterioles   IRVAN, sarcoidosis
  Frosted branch angiitis                                                 Idiopathic, infiltration with malignant cells (lymphoma or leukemia), SLE, Crohn\'s disease, toxoplasmic retinochoroiditis, human T cell lymphoma virus type 1 infection, acquired immunodeficiency syndrome, human immunodeficiency virus infection, herpes simplex virus infection, Epstein-Barr virus infection
  Retinal ischemia                                                        Tuberculosis, Eales\' disease, Behçet's disease, multiple sclerosis (rare), sarcoidosis (rare)
  Inflammatory branch retinal vein occlusion                              Behçet\'s disease, tuberculosis, sarcoidosis (rare)
  Retinal arterial occlusions                                             SLE, PAN, Wegener\'s granulomatosis, Churg-Strauss syndrome, Crohn\'s disease, Susac syndrome, cat scratch disease, Mediterranean spotted fever, ocular toxoplasmosis

Identification of retinal vessels involved {#sec2-1}
------------------------------------------

Retinal vasculitis affecting predominantly the veins (phlebitis) has been described in association with Behçet\'s disease, tuberculosis, sarcoidosis, multiple sclerosis, pars planitis, retinal vasculitis associated with tuberculoprotein hypersensitivity (Eales\' disease), human immunodeficiency virus infection (HIV) \[Figures [1](#F0001){ref-type="fig"},[2](#F0002){ref-type="fig"},[4](#F0004){ref-type="fig"},[6](#F0006){ref-type="fig"}\]. Retinal arteritis is more commonly seen in acute retinal necrosis \[[Figure 9](#F0009){ref-type="fig"}\], idiopathic retinal vasculitis, aneurysms, and neuroretinitis (IRVAN) \[[Figure 10](#F0010){ref-type="fig"}\] and systemic vasculitides such as SLE, polyarteritis nodosa, and Wegener\'s granulomatosis, Churg-Strauss syndrome and cryoglobulinemia.[@CIT1]

![(a) Peripheral retina of a 30-year-old woman with acute retinal necrosis showing periarterial vascular sheathing and necrotizing retinitis (b) Fluorescein angiogram showing peripheral occlusive vasculopathy](MEAJO-16-202-g009){#F0009}

![Fundus photographs of the right (a) and left; (b) eyes of a patient with idiopathic retinal vasculitis, aneurysms, and neuroretinitis showing extensive peripapillary and macular lipid exudates deposition, aneurysmal dilatations along the retinal arterioles, and perivascular sheathing affecting the retinal arterioles](MEAJO-16-202-g010){#F0010}

![Fluorescein angiograms showing the aneurysmal changes along the retinal arterioles and peripheral nonperfusion](MEAJO-16-202-g011){#F010c}

![Fundus photographs 3 years after treatment with panretinal photocoagulation and systemic steroids showing regression of aneurismal dilatations and absorption of hard exudates](MEAJO-16-202-g012){#F010d}

Cotton-wool spots {#sec2-2}
-----------------

Cotton-wool spots representing microinfarcts of the retina due to precapillary retinal arteriolar occlusion are most often found in association with systemic vasculitides such as SLE, plyarteritis nodosa, Wegener\'s granulomatosis, Churg-Strauss syndrome, and cryoglobulinemia \[[Figure 11](#F0011){ref-type="fig"}\].

![Fundus photographs of the (a) and (b) eyes of a 21-year-old woman with active systemic lupus erythematosus showing bilateral retinopathy consisting of multiple cotton-wool spots, and intraretinal hemorrhages](MEAJO-16-202-g013){#F0011}

Retinal vascular lesions are the most common ophthalmic manifestations of SLE and are due to arterial occlusion. Retinopathy generally consists of cotton-wool spots with or without retinal hemorrhages and may occur in the absence of hypertension \[[Figure 11](#F0011){ref-type="fig"}\]. By contrast, a less common but more severe retinal vascular occlusive disease characterized by diffuse arteriolar occlusion with extensive capillary non-perfusion has been described.[@CIT18] A more focal vascular disease, including retinal artery or vein occlusion may occur. Patients with SLE and raised antiphospholipid antibodies have a higher risk of developing occlusive retinal vascular disease.[@CIT25] In addition, a patient with severe SLE-associated frosted branch periphlebitis and exudative maculopathy was reported.[@CIT26] Exacerbations of disease activity might manifest only in the retina as a retinal vascular occlusion[@CIT7] \[[Figure 12](#F0012){ref-type="fig"}\]. Retinal vascular involvement in polyarteritis nodosa is primarily arterial and gives rise to retinal vasculitis, cotton-wool spots, edema, hemorrhage, and central retinal artery occlusion. The disease may also involve choroidal vessels.[@CIT9][@CIT12][@CIT27][@CIT28] Curi *et al*.[@CIT29] reported aggressive retinal vasculitis involving both arteries and veins in a patient with polyarteritis nodosa.

![(a) Fundus photograph of the right eye of a 24-year-old woman with systemic lupus erythematosus and strongly positive lupus anticoagulant in whom increase in disease activity was manifested as a cilioretinal artery occlusion with ischemic retinal whitening in the area of the papillomacular bundle, indicating more extensive ischemia than that producing cotton-wool spots, as well as periarterial sheathing (b) Fluorescein angiogram showing occlusion of the cilioretinal artery; the area of retinal ischemia appears hypofluorescent and obscures the background choroidal flush](MEAJO-16-202-g014){#F0012}

Susac syndrome is a rare disease of unknown pathogenesis. It is also caused by microangiopathy affecting the arterioles of the brain, retina, and cochlea, giving the classic triad of encephalopathy, branch retinal arterial occlusions, and sensorineural hearing loss. The underlying process is believed to be a small vessel vasculitis causing microinfarcts of the retina, brain, and cochlea. Susac syndrome usually occurs in young women but can affect men. In those cases in which a brain biopsy was performed, histopathologic examination results showed microinfarcts, perivascular inflammatory infiltrates of small vessels consistent with an active small vessel angiitis. Magnetic resonance imaging of the brain often shows lesions suggestive of multiple sclerosis. Fluorescein angiography shows focal nonperfusion of retinal arterioles and arteriolar wall hyperfluorescence.[@CIT30]--[@CIT33]

Intraretinal infiltrates {#sec2-3}
------------------------

Intraretinal infiltrates are characteristic of infectious processes, but in the absence of these, they are pathognomonic of Behçet\'s disease \[Figure [3](#F0003){ref-type="fig"},[7](#F0007){ref-type="fig"} and [8](#F0008){ref-type="fig"}\]. These transient white patches of retinitis, often with small adjacent hemorrhages, are almost always seen in patients with active posterior Behçet\'s uveitis. Typically, they are silent on fundus fluorescein angiography.

Necrotizing retinitis {#sec2-4}
---------------------

Retinal vasculitis may be associated with necrotizing retinitis due to ocular toxoplasmosis, acute retinal necrosis, cytomegalovirus (CMV) retinitis, and rarely human T cell lymphoma virus type 1 (HTLV-1) associated uveitis. The hallmark of ocular toxoplasmosis is focal necrotizing retinitis, ultimately resulting in characteristic atrophic scars. Reactivation is frequently situated adjacent to an old atrophic scar with hyper pigmentation along the borders, indicating an old infection (satellite formation). Anterior uveitis, which may be granulomatous, and a secondary rise in intraocular pressure may also be noted. There may be an associated retinal vasculitis, which may be either near to or distant from the focus of active retinochoroiditis \[[Figure 13](#F0013){ref-type="fig"}\]. The arteries are often affected. Kyrieleis arterialitas refers to accumulation of periarterial exudates, which can occur either in the vicinity of the acute retinitis or elsewhere in the retina.[@CIT34] In rare cases, the vasculitis may be occlusive, resulting in retinal infarction and consequent visual field defects. A case of frosted branch angiitis secondary to toxoplasmic retinochoroiditis was reported.[@CIT35] In addition, Diaz-Valle *et al*.,[@CIT36] reported a case of acute frosted branch angiitis without necrotizing chorioretinitis associated with acquired toxoplasmosis. The patient developed late peripheral retinochoroidal scar. Holland *et al*.[@CIT37] reported the development of intraocular inflammatory reactions including vitritis, iridocyclitis, and retinal vasculitis without necrotizing retinal lesions in individuals with acquired systemic toxoplasmosis. Foci of retinitis or inactive retinochoroidal scars were seen in the same eyes during follow-up examinations suggesting that the initial inflammation may be caused by the presence of parasite in retinal tissue. These data strongly suggest that acquired systemic toxoplasmosis infection should be considered in the differential diagnosis of patients with retinal vasculitis, especially in the presence of constitutional symptoms suggesting systemic toxoplasmosis. More severe or atypical ocular presentations occur in immunocompromised patients.

![(a) Fundus photograph of the right eye showing toxoplasmic focal necrotizing retinitis adjacent to an old scar (b) Midperipheral retina showing extensive perivenous sheathing](MEAJO-16-202-g015){#F0013}

Acute retinal necrosis is caused by viruses of the herpes group, mainly varicella zoster, herpes simplex types 1 and 2, and rarely, cytomegalovirus.[@CIT38] The prominent features of acute retinal necrosis include peripheral necrotizing retinitis, retinal arteritis, and a prominent inflammatory reaction in the vitreous and anterior chamber \[[Figure 9](#F0009){ref-type="fig"}\]. Optic neuritis occurs in many affected eyes, and complicated rhegmatogenous retinal detachments are often encountered as a late sequela of the condition.[@CIT39] The disease can progress rapidly with vision loss due to macular involvement, retinal detachment, or optic neuropathy. Vasculitis is predominantly affecting peripheral arteries with closure probably at the origin of the peripheral necrosis and is suspected to be due to antigen-antibody complexes \[[Figure 9](#F0009){ref-type="fig"}\].

In majority of the cases, cytomegalovirus (CMV) retinitis is a manifestation of acquired immunodeficiency syndrome (AIDS), with CMV retinitis being the most common ocular infection in these patients. The classic description of CMV retinitis is one of scattered yellow-white areas of necrotizing retinitis with variable degrees of hemorrhage and mild vitreous inflammation ("cottage cheese with catsup" or "pizza pie" retinopathy). The pathway of expanding lesions can be predicted by the appearance of venous sheathing or white dots distal to the leading edge. CMV retinitis is often accompanied by varying amounts of retinal vasculitis consisting primarily of perivenous sheathing.[@CIT40][@CIT41] Frosted branch angiitis was described in patients with AIDS associated with small patches of CMV retinitis.[@CIT42][@CIT43] Perivasculitis of the peripheral vessels involving veins more often than arteries was described in patients with AIDS. CMV retinitis was not seen in these patients. The vasculitis was thought to be a noninfectious retinopathy associated with AIDS.[@CIT44][@CIT45] Fine *etal*.,[@CIT46] reported a case of HIV-infected child with frosted branch angiitis without CMV retinitis that was refractory to specific anti-cytomegalovirus therapy. The angiitis only improved after subsequent treatment with systemic corticosteroids suggesting that the frosted branch angiitis in this patient was not attributed to CMV.

HTLV-1 infection is endemic in Japan, the Caribbean islands, and parts of Central Africa and South America. The major target cell of HTLV-1 is the CD4^+^*t*-cell. HTLV-1 infection is the established cause of adult*t*-cell leukemia/lymphoma (ATL), an aggressive malignancy of CD4^+^ lymphocytes; HTLV-1 associated myelopathy (HAM)/tropical spastic paraparesis (TSP), a demyelinating inflammatory disease of the spinal cord; and HTLV-1 uveitis (HU), defined as uveitis of undetermined etiology in an HTLV-1 carrier. Clinically, HU has been described as an acute granulomatous or nongranulomatous uveal reactions that were accompanied by vitritris and retinal vasculitis. The ocular disease was considered benign, resolving over weeks in response to corticosteroid treatment, with low incidence of complications and good visual prognosis. Gray-white, granular deposits scattered on the retinal vessels in the posterior pole were noted. Similar materials were also found to deposit on the vitreoretinal interface of the foveolar areas. In addition, retinal vasculitis with sheathing of retinal veins in the periphery was described in patients with HTLV-1-associated myelopathy.[@CIT47]--[@CIT49] Nakao and Ohba[@CIT50] reported three HTLV-1-positive Japanese teenagers presenting with extensive retinal periphlebitis resembling frosted branch angiitis. The retinal vascular disease responded poorly to systemic corticosteroids, had a smoldering course, and eventually resulted in diffuse chorioretinal degeneration. Levy-Clarke *et al*.,[@CIT51] reported a patient with ATL presenting as a bilateral retinal vasculitis associated with necrotizing retinitis.

Aneurysmal dilatations of the retinal and optic nerve head arterioles {#sec2-5}
---------------------------------------------------------------------

IRVAN is a rare clinical entity characterized by bilateral retinal arteritis, numerous aneurysmal dilatations of the retinal and optic nerve head arterioles, peripheral retinal vascular occlusion, neuroretinitis, and uveitis \[[Figure 10](#F0010){ref-type="fig"}\]. This syndrome typically affects young healthy individuals, has a female predominance, and is not associated with any systemic abnormalities. Visual loss is due to exudative maculopathy, and neovascular sequelae of retinal ischemia.[@CIT52]--[@CIT54] Recently, we reported a patient who presented with features typical of IRVAN in whom medical evaluation disclosed allergic fungal sinusitis.[@CIT55] Several reports described resolution of aneurysmal dilatations of the retinal arterioles in patients with IRVAN treated with systemic steroids and peripheral retinal photocoagulation \[[Figure 10](#F0010){ref-type="fig"}\].[@CIT55]--[@CIT58] Recently, Samuel *et al*.[@CIT54] recommended early panretinal laser photocoagulation when angiographic evidence of widespread retinal nonperfusion is present, and before (or shortly after) the development of neovascularization. Arterial macroaneurysms, occurring in elderly female patients with sarcoidosis associated with peripheral multifocal chorioretinitis have been described. These patients had severe cardiovascular disease.[@CIT59]--[@CIT61]

Frosted branch angiitis {#sec2-6}
-----------------------

Frosted branch angiitis (first described in 1976 by Ito *et al*.),[@CIT62] occurs in young, healthy individuals who typically have acute bilateral (but sometimes unilateral) visual loss, associated with anterior and posterior segment inflammation. The retinal findings include swelling of the retina and severe sheathing of the retinal venules, creating the appearance of frosted tree branches. Additional findings include intraretinal hemorrhages, hard exudates, and serous exudative detachments of the macula and periphery \[[Figure 14](#F0014){ref-type="fig"}\]. Fluorescein angiography demonstrates leakage of dye from the vessels, but no evidence of decreased blood flow or occlusion. The disease usually responds rapidly to systemic corticosteroids with rapid resolution of the vascular sheathing. The visual prognosis is usually good and there is no recurrence in most patients. The term \"acute frosted retinal periphlebitis\" was suggested to describe the condition by Kleiner *et al*.[@CIT63] Kleiner[@CIT64] classified the patients with the appearance of frosted branch angiitis into three subgroups-First are patients with lymphoma or leukemia[@CIT64] whose disease is due to infiltration with malignant cells (frosted branch-like appearance) \[[Figure 15](#F0015){ref-type="fig"}\] Second is the group of patients who have associated viral infections or autoimmune disease. Frosted branch angiitis was reported in patients with systemic lupus erythematosus,[@CIT26] Crohn\'s disease,[@CIT65] toxoplasmic retinochoroiditis,[@CIT35][@CIT36] human T cell lymphoma virus type 1 infection,[@CIT50] AIDS associated with small patches of retinitis,[@CIT42][@CIT43] HIV without CMV retinitis,[@CIT46] herpes simplex virus infection,[@CIT66] and Epstein-Barr virus infection.[@CIT67] In these patients, frosted branch angiitis is a clinical sign, possibly of immune complex deposition (secondary frosted branch angiitis). Finally, there is the group of otherwise healthy young patients described initially (acute idiopathic angiitis). It is likely that the frosted branch angiitis that developed in these patients represents an immune reaction to a number of different stimuli.[@CIT68] A case of frosted branch angiitis complicated by bilateral retinal and optic nerve head neovascularization secondary to severe peripheral retinal ischemia was reported. [@CIT69] In addition, we reported the unusual association between severe retinal periphlebitis resembling frosted branch angiitis and nonperfused central retinal vein occlusion.[@CIT20]

![(a and b) Fundus photographs of a patient with clinical diagnosis of frosted branch angiitis showing prominent sheathing of the retinal veins, scattered intraretinal hemorrhages, cotton-wool spots, and optic disc swelling and hyperemia](MEAJO-16-202-g016){#F0014}

![Fundus photograph of the right eye of a 19-year-old male with documented acute lymphoblastic leukaemia showing extensive sheathing of all retinal vessels producing frosted branch-like appearance (courtesy of E. Al-Kahtani, MD, Riyadh, Saudi Arabia)](MEAJO-16-202-g017){#F0015}

Retinal ischemia {#sec2-7}
----------------

Patients with ischemic retinal vasculitis represent a major management problem. It is important to identify the presence of retinal ischemia in patients with retinal vasculitis because panretinal laser photocoagulation should be considered when angiographic evidence of widespread retinal nonperfusion is present, and before (or shortly after) the development of neovascularization.

Ischemic retinal vasculitis is frequently seen secondary to tuberculosis and retinal vasculitis associated with tuberculoprotein hypersensitivity (Eales\' disease) which is typically an obliterative periphlebitis affecting the retina in multiple quadrants, starting at or anterior to the equator and progressing posteriorly. Occasionally, it can begin close to the optic nerve head, mimicking a vein occlusion. Ophthalmoscopic findings vary and depend on the stage of the disease. Initially, it presents as active retinal periphlebitis with thick exudates around the retinal veins associated with retinal hemorrhages, and hemorrhagic infarctions of the retina \[Figure [1](#F0001){ref-type="fig"},[4](#F0004){ref-type="fig"},[16](#F0016){ref-type="fig"}--[18](#F0018){ref-type="fig"}\]. Healed periphlebitis results in sclerosed white venules, and abnormal vascular anastomosis \[[Figure 19](#F0019){ref-type="fig"}\]. The periphlebitis may cause nonperfusion of a substantial portion of the retina that may lead to proliferative vascular retinopathy with sequelae such as recurrent vitreous hemorrhage, traction retinal detachment, rubeosis iridis, and neovascular glaucoma[@CIT1][@CIT49][@CIT70]--[@CIT73] \[Figures [5](#F0005){ref-type="fig"}, [17](#F0017){ref-type="fig"}--[22](#F0022){ref-type="fig"}\]. The management of tuberculous retinal vasculitis or retinal vasculitis associated with tuberculoprotein hypersensitivity (Eales\' disease) requires the use of systemic steroids and appropriate antituberculous therapy. New vessel formation associated with retinal vasculitis and capillary closure responds to panretinal photocoagulation \[[Figure 21](#F0021){ref-type="fig"}\]. Early vitrectomy and adequate endolaser photocoagulation should be considered in eyes with non-resolving vitreous hemorrhage associated with active fibrovascular proliferation[@CIT14] \[[Figure 22](#F0022){ref-type="fig"}\].

![(a) Fundus photograph of the right eye of a 25-year-old man with strongly positive tuberculin skin test demonstrating thick perivenous sheathing with intraretinal hemorrhages and hemorrhagic infarction (b) Fluorescein angiogram showing leakage and staining of the involved veins](MEAJO-16-202-g018){#F0016}

![(a) Fundus photograph of the right eye of a 24-year-old man with strongly positive tuberculin skin test demonstrating thick perivenous sheathing and intraretinal hemorrhages (b) Fluorescein angiogram showing retinal nonperfusion](MEAJO-16-202-g019){#F0017}

![(a and b) Fundus photograph of the right eye of a 28-year-old man with strongly positive tuberculin skin test demonstrating thick perivenous sheathing; with intraretinal hemorrhages and preretinal hemorrhage above optic nerve head (c and d) Fluorescein angiogram showing leakage from the retinal veins, and neovessels on optic nerve head and retinal nonperfusion](MEAJO-16-202-g020){#F0018}

![Fundus photograph of a 27-year-old man with strongly positive tuberculin skin test demonstrating sclerosed white retinal vessels in the periphery and neovessels Fundus fluorescein angiogram showing peripheral capillary nonperfusion, and leakage from neovessels](MEAJO-16-202-g021){#F0019}

![Anterior segment of a 30-year-old man with strongly positive tuberculin skin test showing extensive rubeosis iridis. This patient had, in addition, vitreous hemorrhage, retinal ischemia and retinal neovessels](MEAJO-16-202-g022){#F0020}

![(a) Fundus photographs of the right eye of a 25-year-old man with strongly positive tuberculin skin test demonstrating perivenous sheathing with intraretinal hemorrhages (upper left) and neovessels nasal to optic nerve head (upper right) Fluorescein angiography showing retinal nonperfusion (bottom left) Optical coherence tomography showing macular edema (bottom right)\
(b) Fundus photographs after treatment with systemic steroids, appropriate antituberculous therapy, and scatter laser photocoagulation (upper left and right) showing resolution of perivenous sheathing and intraretinal hemorrhages and involution of neovessels Optical coherence tomography displays normal anatomy of the macula (bottom)](MEAJO-16-202-g023){#F0021}

![Fundus photograph of the left eye of a 32-year-old man with strongly positive tuberculin skin test showing vitreous hemorrhage and active fibrovascular tissue on the optic nerve head and along the vascular arcades (left) Fundus photograph after pars plana vitrectomy and endolaser photocoagulation (right) showing clear vitreous cavity and involution of neovessels](MEAJO-16-202-g025){#F0022}

Ischemic retinal vasculitis may also be secondary to Behçet\'s disease and multiple sclerosis. The diagnosis is made using criteria proposed by the International Study Group for Behçet\'s disease in 1990.[@CIT74] The criteria require recurrent oral ulceration as an essential symptom plus any two or more symptoms of genital ulceration, eye lesions, skin lesions and a positive pathergy test to make a diagnosis of Behçet\'s disease. Inflammatory eye disease generally appears later than the oral ulceration and develops in about 70% of patients in Japan. The ocular manifestations of Behçet\'s disease typically include recurrent attacks of anterior uveitis, with or without hypopyon, cellular infiltration and opacification of the vitreous, retinal vasculitis \[Figures [6](#F0006){ref-type="fig"} and [23](#F0023){ref-type="fig"}\], retinal infiltrates \[Figures [3](#F0003){ref-type="fig"}, [7](#F0007){ref-type="fig"} and [8](#F0008){ref-type="fig"}\] and hemorrhages, cystoid macular edema \[[Figure 8](#F0008){ref-type="fig"}\] and disc hyperemia. Retinal vasculitis and recurrent vasoocclusive episodes are the major causes of visual morbidity. In addition, inflammatory retinal vein occlusions are strongly associated with Behçet\'s disease[@CIT21]--[@CIT23][@CIT75]\] \[Figures [6](#F0006){ref-type="fig"} and [23](#F0023){ref-type="fig"}\]. Fluorescein angiography may show diffuse retinal vascular leakage, late staining of the vasculature, leakage from the disc, macular edema, areas of capillary dropout, and neovascularization \[Figures [3](#F0003){ref-type="fig"}, [6](#F0006){ref-type="fig"}--[8](#F0008){ref-type="fig"} and [23](#F0023){ref-type="fig"}\].

![(a) Fundus photographs of the right eye of a 27-year-old man with documented Behçet's disease showing perivenous sheathing, intraretinal hemorrhages, and retinal infiltrates\
(b) Fluorescein angiogram showing delayed filling of the inferotemporal vein (upper left), late leakage and staining of the involved veins, and retinal nonperfusion (bottom left)](MEAJO-16-202-g026){#F0023}

Various ocular inflammatory changes have been described in patients with multiple sclerosis and may be the presenting sign of the disease. They include nongranulomatous and granulomatous iridocyclitis, intermediate uveitis, retinitis, periphlebitis \[[Figure 2](#F0002){ref-type="fig"}\] and optic neuritis.[@CIT15]--[@CIT17][@CIT76]--[@CIT83] Retinal periphlebitis has been described as a common manifestation of multiple sclerosis. It has been observed with an average frequency of 11.5% in more than 3000 published cases of MS examined for sheathing.[@CIT79] In an autopsy series of 93 eyes from patients with definite multiple sclerosis, segmental lympho-plasmacytic perivenous infiltrates were found in seven eyes and focal lymphocytic or granulomatous retinitis was present in five eyes.[@CIT76] The foci of granulomatous retinal inflammatory cells were noted in the inner retina and overlying vitreous and corresponded to white plaques visible on the inner retinal surface on gross examination.[@CIT76] Round dot-like opacities, the diameter of a medium-sized vein, visible in the vitreous immediately overlying the retina were originally described by Rucker.[@CIT81] These have come to be known as "Rucker bodies." It has been demonstrated that demyelinative plaques in the brain typically encircle a venule and that in an active lesion perivenular infiltrates are present.[@CIT82] These changes appear similar to the periphlebitis occurring in the retina. The periphlebitis can progress to occlusive peripheral vasculitis, which results in peripheral retinal neovascularization and tractional or rhegmatogenous retinal detachments or both. Peripheral scatter photocoagulation and vitrectomy may be required to stabilize the proliferative retinopathy.[@CIT15]--[@CIT17][@CIT83]

Retinal periphlebitis associated with sarcoidosis is usually nonocclusive, sometimes subclinical and only visible on fluorescein angiography, associated with typical segmental cuffing or more extensive sheathing and perivenous exudates, which are usually indicated as "candle wax drippings" \[[Figure 24](#F0024){ref-type="fig"}\]. Multiple small round chorioretinal lesions are frequently seen in peripheral fundus. Peripheral multifocal chorioretinitis and choroidal granuloma were described. Optic disc swelling may be caused by uveitis, raised intracranial pressure, or optic nerve infiltration. Arterial macroaneurysms, occurring in elderly female patients with peripheral multifocal chorioretinitis have been described, and were associated with severe cardiovascular disease.[@CIT84][@CIT85] Development of capillary nonperfusion, and subsequent neovascularization as well as branch and central retinal vein occlusions have been described.[@CIT86]--[@CIT89]

![Fundus photograph of a patient with documented sarcoidosis demonstrating segmental perivenous sheathing](MEAJO-16-202-g028){#F0024}

![Fundus photograph of a patient with rift valley fever virus infection showing retinitis in the macular area (left); Fluorescein angiogram showing occlusive retinal vasculitis (right) (Courtesy of E. Abboud, MD, Riyadh, Saudi Arabia)](MEAJO-16-202-g029){#F0025}

OTHER CAUSES OF OCCLUSIVE RETINAL VASCULITIS {#sec1-3}
============================================

Idiopathic recurrent branch retinal arterial occlusion is a clinical syndrome characterized by recurrent multiple branch retinal arterial occlusions of unknown cause in one or both eyes of healthy middle-aged patients. Ophthalmoscopic and fluorescein angiographic findings suggested focal arteritis and arteriolitis as the cause of the obstructions. Eyes that have large areas of retinal ischemia may subsequently develop preretinal neovascularization. The prognosis for maintaining good visual acuity is good. Detailed investigation of these patients has failed to reveal a systemic etiology. Vestibuloauditory and/or transient sensorimotor symptoms were detected in 50% of patients. It is postulated that many of the patients have mild or partial manifestations of the microangiopathic syndrome of encephalopathy, hearing loss, and retinal arteriolar occlusions.[@CIT11] Occlusive retinal vasculitis, and subsequent retinal neovascularization[@CIT6] and neovascular glaucoma[@CIT19] were also reported in patients with Crohn\'s disease. Occlusive retinal vasculitis has also been reported in patients infected with Rift Valley fever virus[@CIT90][@CIT91] \[[Figure 25](#F0025){ref-type="fig"}\] and West Nile virus.[@CIT92]--[@CIT94]

DIAGNOSTIC EVALUATION {#sec1-4}
=====================

The search for a cause in patients with retinal vasculitis often involves a multidisciplinary approach and laboratory investigation[@CIT2][@CIT95] \[[Table 3](#T0003){ref-type="table"}\]. Discrimination between infectious or noninfectious etiology of retinal vasculitis is important because treatment is different. Immunosuppressive therapy may be essential in certain disorders but it might be deleterious in infectious entities. Once an infectious cause is believed to be unlikely, an associated systemic disease should be considered and an appropriate investigation instituted. In cases of diagnostic doubt, malignancy must be ruled out and should certainly be considered if, after an initial improvement with therapy, the patient\'s disease rapidly becomes refractory to treatment. The ophthalmologist, therefore, has a major role in clarifying the nosologic and diagnostic debate in patients with retinal vasculitis.

###### 

Diagnostic studies performed on patients with retinal vasculitis\*

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Laboratory tests
  Complete blood count with differential
  Erythrocyte sedimentation rate
  C-reactive protein
  Serum chemistry panel with tests for renal and liver functions
  Blood sugar
  Urinalysis
  Venereal Disease Research Laboratory (VDRL) test, Fluorescent treponemal antibody absorption (FTA-ABS) test
  Tuberculin skin testing
  Gamma interferon release assays for tuberculosis
  Toxoplasmosis serology
  Lyme disease serology
  Dengue virus serology
  Cat scratch disease serology
  Rickettsial serology
  Human immunodeficiency virus, human T cell lymphoma virus type1, cytomegalovirus, herpes simplex virus, varicella zoster virus, hepatitis virus, and West Nile virus serology
  Polymerase chain reaction to identify pathogens in ocular specimens
  Serum angiotensin-converting enzyme
  Rheumatoid factor
  Antinuclear antibody
  Anti-dsDNA
  Antineutrophil cytoplasmic antibody
  Antiphospholipid antibodies (lupus anticoagulants and anticardiolipin antibodies)
  Serum complement, CH50, AH50
  Extractable nuclear antigen
  Serum protein electrophoresis
  Serum cryoglobulins
  Human leukocyte antigen testing
  Vitreous biopsy
  Cerebrospinal fluid cytology and cell count
  Imaging
  Fluorescein angiography
  Optical coherence tomography
  Ultrasonography
  Chest X-ray
  CT scanning
  Magnetic resonance imaging
  Gallium scan
  Sacroiliac X-ray
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The diagnostic work-up should be tailored according to the patient's medical history, review of systems, and physical examination.[@CIT1]

The laboratory work-up of a patient with retinal vasculitis should be based on a differential diagnosis derived from a detailed history, review of systems, and physical examination. If the patient\'s medical history, review of systems, or ocular examination suggests an underlying systemic disease, then the diagnostic work-up should be tailored for that disease. The absence of any diagnostic clues from history makes idiopathic retinal vasculitis most likely. If, however, the patient has no signs or symptoms suggestive of an associated disease then the work-up of the patient is limited to a fluorescein angiogram, complete blood count, erythrocyte sedimentation rate, VDRL, FTA-ABS, blood chemistry, urinalysis, tuberculin skin testing, HIV serology, and chest radiograph. Numerous studies have shown that little additional information is gained by "blind" investigation of the patient and that pursuing this is neither time nor cost effective.
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